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(54) MANUFACTURING METHOD OF OPTICAL FIBER BUNDLES

(57) While a winding member (40) is making one ro-
tation, an optical fiber (11) is once skewed relative to the
circumferential direction and further shifted by a desired
length in the width direction of a circumferential surface
(43). In this state, the winding member (40) winds up the
optical fiber (11). This operation is performed in the same
direction every rotation when the winding member (40)
rotates (N-1) times. Next, in the N-th rotation of the wind-
ing member (40), a guide member (61) performs the
guide to the optical fiber (11) to skew reversely to the
direction of shifting in the (N-1) rotations of the winding
member (40).
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Description

Technical Field

[0001] The present invention relates to a manufactur-
ing method of an optical fiber bundle to manufacture an
optical fiber bundle formed by bundling optical fibers.

Background Art

[0002] A general manufacturing method of an optical
fiber bundle is briefly described below.
[0003] A base material of an optical fiber is melted by
a melt apparatus. The melting member is linearly drawn
and wound around a drum-type winding member. The
wound member is formed as optical fibers, and the optical
fibers are bundled so that an optical fiber bundle is
formed.
[0004] Major manufacturing methods of optical fiber
bundles are disclosed in, for example, Patent Literature
1 and Patent Literature 2.

Citation List

Patent Literature

[0005]

Patent Literature 1: Jpn. Pat. Appln. KOKAI Publica-
tion No. 5-8935

Patent Literature 2: Jpn. Pat. Appln. KOKAI Publica-
tion No. 8-208115

Summary of Invention

Technical Problem

[0006] In a general manufacturing method of an optical
fiber, the length of the optical fiber depends on the length
of the circumference (hereinafter referred to as a circum-
ferential length) of a winding member. For example, when
the circumferential length is 6 m, the maximum length of
the optical fiber is 6 m. That is, it is not possible to man-
ufacture an optical fiber which is longer than the circum-
ferential length.
[0007] Thus, when an optical fiber having a length of
6 m or more is manufactured in the above, it is necessary
to newly manufacture a winding member having a cir-
cumference which is 6 or more long. In other words, for
the manufacture of an optical fiber which is longer than
the circumferential length of the existing winding mem-
ber, it is necessary to newly manufacture a winding mem-
ber in accordance with the length of the optical fiber to
be manufactured. This requires manufacturing costs for
an optical fiber bundle including the optical fibers.
[0008] For example, in Patent Literature 1 and Patent
Literature 2, the winding member only winds up the mem-

ber. Therefore, a manufacturing apparatus can only man-
ufacture one optical fiber bundle at a time. When the man-
ufacturing apparatus independently manufactures a
large volume of optical fiber bundles, the manufacturing
apparatus needs to repeat the operation of winding up
the member around the winding member to manufacture
one optical fiber bundle, removing the manufactured sin-
gle optical fiber bundle from the winding member, and
then again winding up the member around the winding
member to manufacture one optical fiber bundle. There-
fore, when a large volume of optical fiber bundles is man-
ufactured, it is requires much time and labor and quality
is not uniform.
[0009] Thus, there is a need to enable the manufacture
of a large volume of optical fiber bundles with uniform
quality at low cost, without much time and labor and with-
out depending on the circumferential length of the wind-
ing member.
[0010] The present invention has been made in view
of these circumstances, and is intended to provide a man-
ufacturing method of an optical fiber bundle which ena-
bles the manufacture of a large volume of optical fiber
bundles with uniform quality at low cost, without much
time and labor and without depending on of the circum-
ferential length of the winding member.

Solution to Problem

[0011] An aspect of a manufacturing method of an op-
tical fiber bundle of the present invention in which a wind-
ing member rotates N times (N is a natural number equal
to or more than 2) to wind up an optical fiber and thereby
manufacture an optical fiber bundle having a length that
is N times the circumference of the winding member, the
method including: a shift process of once skewing the
optical fiber relative to the circumferential direction of the
winding member and shifting the optical fiber a desired
length in the width direction of a circumferential surface
of the winding member and then winding the optical fiber
around the winding member during one rotation of the
winding member and every rotation of the winding mem-
ber when the winding member rotates (N-1) times with
respect to a desired starting point as a standard; and a
reverse shift process of skewing the optical fiber reverse-
ly to the direction of shifting in the (N-1) rotations of the
winding member so that the optical fiber intersects with
all the optical fibers which have skewed in the (N-1) ro-
tations of the winding member and the end point of the
optical fiber having a length which is N times returns to
the starting point in the N-th rotation of the winding mem-
ber whereby the optical fiber is wound around the winding
member, wherein the operation is one cycle of the optical
fiber having a length which is N times the circumference
of the winding member, and the operation is repeated so
that an optical fiber bundle formed by bundling the optical
fibers having a length which is N times the circumference
of the winding member is manufactured.

1 2 
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Brief Description of Drawings

[0012]

FIG. 1A is a schematic side view of a manufacturing
apparatus of an optical fiber bundle according to an
embodiment of the present invention;
FIG. 1B is a schematic front view of a winding mem-
ber and a movement guide mechanism;
FIG. 1C is a schematic top view of the winding mem-
ber and the movement guide mechanism;
FIG. 2A is a diagram illustrating the manufacture of
an optical fiber bundle having a length which is dou-
ble the circumferential length of the winding member;
FIG. 2B is a diagram illustrating how the optical fiber
bundle is cut with an unshown cutting member;
FIG. 2C is a diagram illustrating how the optical fiber
bundle is removed from the winding member;
FIG. 2D is a diagram illustrating how the optical fiber
bundle is removed from the winding member;
FIG. 3A is a diagram illustrating the manufacture of
an optical fiber bundle having a length which is triple
the circumferential length of the winding member;
FIG. 3B is a diagram illustrating how the optical fiber
bundle is cut with an unshown cutting member;
FIG. 3C is a diagram illustrating how the optical fiber
bundle is removed from the winding member; and
FIG. 3D is a diagram illustrating how the optical fiber
bundle is removed from the winding member.

Description of Embodiments

[0013] Hereinafter, an embodiment of the present in-
vention will be described in detail with reference to the
drawings.

[Embodiment]

[Configuration]

[0014] The embodiment is described with reference to
FIG. 1A, FIG. 1B, FIG. 1C, FIG. 2A, FIG. 2B, FIG. 2C,
FIG. 2D, FIG. 3A, FIG. 3B, FIG. 3C, and FIG. 3D. In some
of the drawings, some of the members are omitted for
clarification of the drawings.

[Manufacturing apparatus 10 of optical fiber bundle 11a]

[0015] As shown in FIG. 1A, a manufacturing appara-
tus 10 has a melt apparatus 20 which melts an unshown
base material of an optical fiber 11, and a winding
apparatus30 which winds up the optical fiber 11 when
the molten member is linearly drawn and cooled and
formed as the optical fiber 11.
[0016] As shown in FIG. 1A, FIG. 1B, and FIG. 1C, the
winding apparatus30 has, for example, a drum-type
winding member 40 which has a central shaft 41 and
which rotates around the central shaft 41 to wind up the

optical fiber 11, and a rotation control portion 50 which
is coupled to the central shaft 41 and which controls the
rotation of the winding member 40 so that the winding
member 40 rotates around the central shaft 41.
[0017] As shown in FIG. 1A, FIG. 1B, and FIG. 1C, the
winding apparatus30 further has a movement guide
mechanism 60 which guides the optical fiber 11 to the
winding member 40 when the winding member 40 winds
up the optical fiber 11, and a detection control unit 70
which detects the rotation angle of the winding member
40 and which controls the movement guide mechanism
60 on the basis of the detection result.
[0018] As shown in FIG. 1A, FIG. 1B, and FIG. 1C,
according to the present embodiment, the optical fiber
11 is provided along the tangential direction of a later-
described circumferential surface 43 of the winding mem-
ber 40. If the winding member 40 rotates around the cen-
tral shaft 41 while a distal end portion of the optical fiber
11 is fixed to the winding member 40, the optical fiber 11
is wound around the winding member 40.
[0019] The manufacturing apparatus 10 manufactures
an optical fiber bundle 11a which is formed by bundling
optical fibers 11. The optical fiber bundle 11a including
the optical fibers 11 is used for, for example, a light guide.
Although not shown, the optical fiber 11 has, for example,
a core portion provided in the center of the optical fiber
11, and a cladding portion covering the core portion. This
optical fiber 11 is made of a material such as glass that
transmits light.

[Winding member 40]

[0020] As shown in FIG. 1A, FIG. 1B, and FIG. 1C, the
central shaft 41 is provided to penetrate the winding
member 40 in the width direction of the winding member
40. The central shaft 41 is provided in the center of the
winding member 40.
[0021] As shown in FIG. 1A, FIG. 1B, and FIG. 1C, the
winding member 40 has the circumferential surface 43
which is provided around the central shaft 41 to surround
the entire circumference of the central shaft 41. The cir-
cumferential surface 43 functions as a winding surface
to wind up the optical fiber 11, functions as an outer cir-
cumferential surface of the winding member 40, and func-
tions as a curved surface portion. As long as the winding
member 40 has the circumferential surface 43, the wind-
ing member 40 has only to have, for example, a circular
columnar shape or a circular cylindrical shape. Around
the central shaft 41, the length of the winding member
40, i.e., the length of the circumferential surface 43 is
shorter than, for example, the winding length of the optical
fiber 11 to be wound around the winding member 40.
[0022] The winding member 40 is provided so that the
circumferential surface 43 of the winding member 40 is
located apart from the ground. Thus, for example, both
end portions of the central shaft 41 are supported by an
unshown support member so that the circumferential sur-
face 43 of the winding member 40 is located apart from
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the ground. The support component is, for example,
erected on the ground.

[Rotation control portion 50]

[0023] The rotation control portion 50 shown in FIG.
1A controls the rotation and stopping of the winding mem-
ber 40 via the central shaft 41. The rotation control portion
50 has a drive portion such as a motor to rotate the central
shaft 41 around the central shaft 41.

[Movement guide mechanism 60]

[0024] As shown FIG. 1B and FIG. 1C, the movement
guide mechanism 60 is, for example, provided apart from
the circumferential surface 43, is out of contact with the
circumferential surface 43, faces the circumferential sur-
face 43 of the winding member 40, and is provided along
the tangential direction. The movement guide mecha-
nism 60 is provided, for example, on a higher side of the
winding member 40 than the central shaft 41 in the height
direction of the winding member 40. The movement guide
mechanism 60 is provided beside a top portion of the
winding member 40 so that a space portion is formed
between the movement guide mechanism 60 and the top
portion of the winding member 40 in the diametrical di-
rection of the winding member 40 that intersects at right
angles with the tangential direction of the circumferential
surface 43 and the width direction of the circumferential
surface 43.
[0025] As shown FIG. 1B and FIG. 1C, the movement
guide mechanism 60 has a guide member 61 which
guides the optical fiber 11 to the winding member 40 so
that the optical fiber 11 is wound around the winding
member 40, and a holding-movable portion 63 which
holds the guide member 61 and which is movable togeth-
er the guide member 61 in the width direction of the cir-
cumferential surface 43 of the winding member 40, i.e.,
a direction that intersects at right angles with the tangen-
tial direction.

[Guide member 61]

[0026] As shown FIG. 1B and FIG. 1C, the guide mem-
ber 61 has, for example, two plate-shaped members 61a
which function as a guide jig. As shown FIG. 1C, the
plate-shaped members 61a are provided in parallel for
the optical fiber 11 provided along the tangential direc-
tion, sandwich the optical fiber 11 from both sides in the
width direction of the circumferential surface 43. The
guide member 61 is made of a low-friction material having
a low frictional coefficient.
[0027] Although described in detail later, the guide
member 61 guides the optical fiber 11 in sandwiching
state from a point A1 and a point A2 which are starting
points of winding to the point A1 and the point A2 which
are also end points of winding when the optical fiber 11
having a length which is N times the circumferential

length of the winding member 40 is manufactured. N is
a natural number equal to or more than 2.
[0028] In this instance, the guide member 61 guides
the optical fiber 11 so that the optical fiber 11 once skews
in the circumferential direction during one rotation of the
winding member 40, and the guide member 61 performs
this skew guide in the same direction every rotation when
the winding member 40 rotates (N-1) times.
[0029] In the N-th rotation of the winding member 40,
the guide member 61 performs the guide to the optical
fiber 11 to skew reversely to the direction of shifting in
the (N-1) rotations of the winding member 40 so that the
optical fiber 11 intersects with all the optical fibers 11
which have skewed in the (N-1) rotations of the winding
member 40 and returns to the starting point. The guide
member 61 guides so that an intersection angle θ may
be, for example, 5 degrees or more and 40 degrees or
less.
[0030] This above-mentioned guiding is achieved if the
holding-movable portion 63 which holds the guide mem-
ber 61 moves in the width direction of the circumferential
surface 43. [Holding-movable portion 63]
[0031] As shown FIG. 1B and FIG. 1C, the holding-
movable portion 63 has a holding member 63a which
holds the guide member 61, and a moving member 63b
to which the holding member 63a is fixed and which
moves the guide member 61 via the holding member 63a
in the width direction of the circumferential surface 43 by
moving the guide member 61 in the width direction of the
circumferential surface 43 on the basis of the detection
result of the detection control unit 70, i.e., in accordance
with the rotation angle of the winding member 40.

[Detection control unit 70]

[0032] As shown in FIG. 1A, the detection control unit
70 has a detection portion 73 which functions as, for ex-
ample, an encoder, and a movement control portion 75.

[Detection portion 73]

[0033] The detection portion 73 detects the rotation an-
gle of the winding member 40.

[Movement control portion 75]

[0034] The movement control portion 75 controls the
holding-movable portion 63 so that the holding-movable
portion 63 moves in the width direction of the circumfer-
ential surface 43 or the holding-movable portion 63 stops
on the basis of the detection result of the detection portion
73, i.e., the rotation angle of the winding member 40.

[Manufacturing method]

[0035] A manufacturing method of the optical fiber bun-
dle 11a having a length which is N times the circumfer-
ential length of the winding member 40 in the winding
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apparatus30 is described below with reference to FIG.
1A, FIG. 1B, FIG. 1C, FIG. 2A, FIG. 2B, FIG. 2C, FIG.
2D, FIG. 3A, FIG. 3B, FIG. 3C, and FIG. 3D. N is a natural
number equal to or more than 2.
[0036] In the following, by way of example, the manu-
facture of the optical fiber bundle 11a having a length
which is double the circumferential length of the winding
member 40 is described with reference to FIG. 2A, FIG.
2B, FIG. 2C, and FIG. 2D, and the manufacture of the
optical fiber bundle 11a having a length which is triple
the circumferential length of the winding member 40 is
described with reference to FIG. 3A, FIG. 3B, FIG. 3C,
and FIG. 3D.

[Manufacture of the optical fiber 11 having a length which 
is double the circumferential length of the winding mem-
ber 40]

(Step 1 (preparation process), point A1 (starting point))

[0037] The unshown base material of the optical fiber
11 is melted by the melt apparatus 20. As shown in FIG.
1A and FIG. 1B, the melting member is linearly drawn,
for example, along the tangential direction of the circum-
ferential surface 43, naturally cooled, and formed as the
optical fiber 11. The distal end portion of the optical fiber
11 is guided to the circumferential surface 43 of the wind-
ing member 40 while being sandwiched between the
plate-shaped members 61a, and positioned at and fixed
to the circumferential surface 43. This positioning and
fixing part is hereinafter referred to as the point A1 which
functions as the starting point, i.e., an initial position.
[0038] The winding member 40 then rotates around
the central shaft 41 to pull and wind up the optical fiber
11. In the following, the rotation direction of the winding
member 40 is the same.

(Step 2 (shift process), point A1 → point B1)

[0039] As shown in FIG. 2A, when the winding member
40 winds up the optical fiber 11, the guide member 61
guides the optical fiber 11 so that the optical fiber 11 is
wound around the winding member 40 from the point A1
which functions as the starting point to a point B1.
[0040] As shown in FIG. 2A, the point B1 is provided
out of alignment with the point A1. More specifically, the
point B1 is provided a desired angle out of alignment with
the point A1 in the circumferential direction. The point B1
is provided, for example, 144 degrees out of alignment
with the point A1. The point B1 is not provided on the
same circumference as the point A1, but is provided a
desired length out of alignment with the point A1 in the
width direction of the circumferential surface 43 which is
a direction that intersects at right angles with the circum-
ferential direction and which is a rotation shaft direction.
For example, the point B1 is provided to be shifted right-
ward relative to the point A1.
[0041] Thus, in step 2, the optical fiber 11 is guided by

the guide member 61 to skew relative to the circumfer-
ential direction from the point A1 to the point B1, and
wound around the winding member 40 while skewing.
[0042] In the above, the detection portion 73 detects
via the winding member 40 that the winding member 40
has rotated a desired angle in the circumferential direc-
tion and rotated from the point A1 to the point B1. Ac-
cordingly, the movement control portion 75 controls the
movement of the holding-movable portion 63 so that the
guide member 61 moves from the point A1 to the point
B1 in the width direction of the circumferential surface
43. As a result, the holding-movable portion 63 moves in
the width direction of the circumferential surface 43 while
holding the guide member 61, and the guide member 61
moves from the point A1 to the point B1 in the width di-
rection of the circumferential surface 43. As described
above, when the winding member 40 winds up the optical
fiber 11, the guide member 61 guides the optical fiber 11
so that the optical fiber 11 skews relative to the circum-
ferential direction from the point A1 to the point B1 and
is wound around the winding member 40.

(Step 3 (linear process), point B1 → point C1)

[0043] As shown in FIG. 2A, when the winding member
40 further winds up the optical fiber 11, the guide member
61 guides the optical fiber 11 so that the optical fiber 11
is wound around the winding member 40 from the point
B1 to a point C1.
[0044] As shown in FIG. 2A, the point C1 is provided
out of alignment with the point B1. More specifically, the
point C1 is provided a desired angle out of alignment with
the point B1 in the circumferential direction. The point C1
is provided, for example, 216 degrees out of alignment
with the point B1. Thus, the point C1 indicates that the
winding member 40 has made one rotation relative to the
point A1 in step 1 and is located at a position with the
same angle as the point A1 in step 1 in the circumferential
direction of the winding member 40. The point C1 is pro-
vided on the same circumference as the point B1. Thus,
the point C1 is not provided on the same circumference
as the point A1, but is provided a desired length out of
alignment with the point A1 in the width direction of the
circumferential surface 43. For example, the point C1 is
provided to be shifted rightward relative to the point A1
by the length between the point A1 and the point B1 in
the width direction of the circumferential surface 43.
[0045] In step 3, the optical fiber 11 is guided by the
guide member 61 so that the optical fiber 11 is linearly
provided from the point B1 to the point C1 along the cir-
cumferential direction, and the optical fiber 11 is linearly
wound around the winding member 40.
[0046] In the above, the detection portion 73 detects
via the winding member 40 that the winding member 40
has rotated a desired angle in the circumferential direc-
tion and rotated from the point B1 to the point C1. Ac-
cordingly, the movement control portion 75 controls the
stopping of the holding-movable portion 63 so that the
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guide member 61 does not move in the width direction
of the circumferential surface 43. As a result, the holding-
movable portion 63 stops without moving in the width
direction of the circumferential surface 43 while holding
the guide member 61, and the guide member 61 is fixed
in the width direction of the circumferential surface 43.
As described above, when the winding member 40 winds
up the optical fiber 11, the guide member 61 guides the
optical fiber 11 so that the optical fiber 11 is linearly wound
around the winding member 40 along the circumferential
direction from the point B1 to the point C1.

(Step 4 (reverse shift process), point C1 → point D1)

[0047] As shown in FIG. 2A, when the winding member
40 further winds up the optical fiber 11, the guide member
61 guides the optical fiber 11 so that the optical fiber 11
is wound around the winding member 40 from the point
C1 to a point D1.
[0048] The point D1 is provided out of alignment with
the point C1. More specifically, the point D1 is provided
a desired angle out of alignment with the point C1 in the
circumferential direction. The point D1 is provided, for
example, 144 degrees out of alignment with the point C1
(the point A1). Thus, the point D1 indicates the location
at the position with the same angle as the point B1 in the
circumferential direction of the winding member 40. The
point D1 is not provided on the same circumference as
the point C1, but is provided a desired length out of align-
ment with the point C1 in the width direction of the cir-
cumferential surface 43 so that the point D1 is provided
on the same circumference as the point A1. For example,
the point D1 is provided to be shifted leftward relative to
the point C1 so that the point D1 is provided on the same
circumference as the point A1. In this case, the point D1
is provided to be shifted leftward relative to the point B1
by the length between the point A1 and the point C1 in
the width direction of the circumferential surface 43.
[0049] In step 4, the optical fiber 11 is guided by the
guide member 61 to skew relative to the circumferential
direction from the point C1 to the point D1, and wound
around the winding member 40 while skewing. In this
case, the optical fiber 11 intersects with the optical fiber
11 which is provided to skew relative to the circumferen-
tial direction from the point A1 to the point B1 in step 2.
[0050] In the above, the detection portion 73 detects
via the winding member 40 that the winding member 40
has rotated a desired angle in the circumferential direc-
tion and rotated from the point C1 to the point D1. Ac-
cordingly, the movement control portion 75 controls the
movement of the holding-movable portion 63 so that the
guide member 61 moves from the point C1 to the point
D1 in the width direction of the circumferential surface
43. As a result, the holding-movable portion 63 moves in
the width direction of the circumferential surface 43 while
holding the guide member 61, and the guide member 61
moves from the point C1 to the point D1 in the width
direction of the circumferential surface 43. As described

above, when the winding member 40 winds up the optical
fiber 11, the guide member 61 guides the optical fiber 11
so that the optical fiber 11 skews relative to the circum-
ferential direction from the point C1 to the point D1 and
is wound around the winding member 40.

(Step 5 (linear process), point D1 → point A1)

[0051] As shown in FIG. 2A, when the winding member
40 further winds up the optical fiber 11, the guide member
61 guides the optical fiber 11 so that the optical fiber 11
is wound around the winding member 40 from the point
D1 to the point A1.
[0052] As shown in FIG. 2A, the point A1 is provided
out of alignment with the point D1. More specifically, the
point A1 is provided a desired angle out of alignment with
the point D1 in the circumferential direction. The point A1
is provided, for example, 216 degrees out of alignment
with the point D1. The point A1 in step 5 indicates that
the winding member 40 has made two rotations relative
to the point A1 in step 1, that the winding member 40 has
made one rotation relative to the point C1 in step 3, and
that one cycle of the optical fiber 11 having a length which
is double the circumferential length of the winding mem-
ber 40 returns to the starting point in the circumferential
length of the winding member 40.
[0053] In step 5, the optical fiber 11 is guided by the
guide member 61 so that the optical fiber 11 is linearly
provided from the point D1 to the point A1 along the cir-
cumferential direction, and the optical fiber 11 is linearly
wound around the winding member 40. In this case, the
optical fiber 11 is provided parallel to the optical fiber 11
which is linearly provided from the point B1 to the point
C1 along the circumferential direction in step 3.
[0054] In the above, the detection portion 73 detects
via the winding member 40 that the winding member 40
has rotated a desired angle in the circumferential direc-
tion and rotated from the point D1 to the point A1. Ac-
cordingly, the movement control portion 75 controls the
stopping of the holding-movable portion 63 so that the
guide member 61 does not move in the width direction
of the circumferential surface 43. As a result, the holding-
movable portion 63 stops without moving in the width
direction of the circumferential surface 43 while holding
the guide member 61, and the guide member 61 is fixed
in the width direction of the circumferential surface 43.
As described above, when the winding member 40 winds
up the optical fiber 11, the guide member 61 guides the
optical fiber 11 so that the optical fiber 11 is linearly wound
around the winding member 40 along the circumferential
direction from the point D1 to the point A1.
[0055] In steps 2, 3, 4, and 5, the winding member 40
makes two rotations. The optical fiber 11 having a length
which is double the circumferential length of the winding
member 40 is wound around the winding member 40 and
manufactured.
[0056] That is, according to the present embodiment,
the optical fiber 11 having a desired length is manufac-
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tured without depending on the circumferential length of
the winding member 40.
[0057] In this case, one cycle of the optical fiber 11
having a length which is double the circumferential length
of the winding member 40 corresponds to two rotations
of the winding member 40.

[Manufacture of the optical fiber bundle 11a having a 
length which is double the circumferential length of the 
winding member 40]

[0058] The operations in steps 2, 3, 4, and 5 are then
repeated. As a result, the winding member 40 winds up
more than one optical fiber 11 having a length which is
double the circumferential length of the winding member
40. In the winding member 40, the optical fibers 11 are
bundled (stacked) in a continuous state, and the optical
fiber bundle 11a is thereby formed. The optical fiber bun-
dle 11a is then cut with a cutting member 81 in a part
other than an intersect portion 80 as shown in FIG. 2B
so that optical fiber bundles 11a having a double length
will be formed. As shown in FIG. 2C and FIG. 2D, the
optical fiber bundles 11a are removed from the winding
member 40. According to the present embodiment, the
optical fiber bundle 11a having a length which is double
the circumferential length of the winding member 40 is
thus manufactured.
[0059] Therefore, according to the present embodi-
ment, a large volume of optical fiber bundles 11a are
independently manufactured at a time. As the manufac-
turing apparatus 10 independently manufactures a large
volume of optical fiber bundles 11a, the manufacturing
apparatus 10 does not need to repeat the operation of
winding a member around the winding member 40 to
manufacture one optical fiber bundle 11a, removing the
manufactured single optical fiber bundle 11a from the
winding member 40, and then again winding the member
around the winding member 40 to manufacture one op-
tical fiber bundle 11a. Thus, according to the present em-
bodiment, a large volume of optical fiber bundles 11a are
manufactured without much time and labor and with uni-
form quality.

[Manufacture of the optical fiber 11 having a length which 
is triple the circumferential length of the winding member 
40]

[0060] Step 1, step 2, and step 3 are performed in order
as described above. For convenience, the point A1 is
referred to as the point A2, the point B1 is referred to as
a point B2, and the point C1 is referred to as a point C2.

(Step 11 (shift process), point C2 → point D2)

[0061] As shown in FIG. 3A, when the winding member
40 further winds up the optical fiber 11, the guide member
61 guides the optical fiber 11 so that the optical fiber 11
is wound around the winding member 40 from the point

C2 to a point D2.
[0062] As shown in FIG. 3A, the point D2 is provided
out of alignment with the point C2. More specifically, the
point D2 is provided a desired angle out of alignment with
the point C2 in the circumferential direction. The point
D2 is provided, for example, 144 degrees out of alignment
with the point C2. Thus, the point D2 is located at a po-
sition with the same angle as the point B2 in the circum-
ferential direction of the winding member 40. The point
D2 is not provided on the same circumference as the
point C2, but is provided a desired length out of alignment
with the point C2 in the width direction of the circumfer-
ential surface 43 so that the point D2 is provided to be
shifted rightward relative to the point C2. In this case, the
point D2 is provided to be shifted rightward relative to the
point B2 by the length between the point A2 and the point
C2 in the width direction of the circumferential surface 43.
[0063] Thus, in step 11, the optical fiber 11 is guided
by the guide member 61 to skew relative to the circum-
ferential direction from the point C2 to the point D2, and
wound around the winding member 40 while skewing. In
this case, the optical fiber 11 is provided parallel to the
optical fiber 11 which is provided to skew relative to the
circumferential direction from the point A2 to the point B2
in step 2.
[0064] In the above, the detection portion 73 detects
via the winding member 40 that the winding member 40
has rotated a desired angle in the circumferential direc-
tion and rotated from the point C2 to the point D2. Ac-
cordingly, the movement control portion 75 controls the
movement of the holding-movable portion 63 so that the
guide member 61 moves from the point C2 to the point
D2 in the width direction of the circumferential surface
43. As a result, the holding-movable portion 63 moves in
the width direction of the circumferential surface 43 while
holding the guide member 61, and the guide member 61
moves from the point C2 to the point D2 in the width
direction of the circumferential surface 43. As described
above, when the winding member 40 winds up the optical
fiber 11, the guide member 61 guides the optical fiber 11
so that the optical fiber 11 skews relative to the circum-
ferential direction from the point C2 to the point D2 and
is wound around the winding member 40.

(Step 12 (linear process), point D2 → point E2)

[0065] As shown in FIG. 3A, when the winding member
40 further winds up the optical fiber 11, the guide member
61 guides the optical fiber 11 so that the optical fiber 11
is wound around the winding member 40 from the point
D2 to a point E2.
[0066] As shown in FIG. 3A, the point E2 is provided
out of alignment with the point D2. More specifically, the
point E2 is provided a desired angle out of alignment with
the point D2 in the circumferential direction. The point E2
is provided, for example, 216 degrees out of alignment
with the point D2. Thus, the point E2 indicates that the
winding member 40 has made two rotations relative to
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the point A2 in step 1, and that the winding member 40
has made one rotation relative to the point C2 in step 3,
and indicates the location at the position with the same
angle as the point A2 and the point C2 in the circumfer-
ential direction of the winding member 40. The point E2
is provided on the same circumference as the point D2.
Thus, the point E2 is not provided on the same circum-
ference as the point A2 and the point C2, but is provided
a desired length out of alignment with the point A2 and
the point C2 in the width direction of the circumferential
surface 43. For example, the point E2 is provided to be
shifted rightward relative to the point C2 by the length
between the point A2 and the point B2 in the width direc-
tion of the circumferential surface 43. In other words, the
point E2 is provided to be shifted rightward relative to the
point C2 by the length between the point A2 and the point
C2 in the width direction of the circumferential surface 43.
[0067] In step 12, the optical fiber 11 is guided by the
guide member 61 so that the optical fiber 11 is linearly
provided from the point D2 to the point E2 along the cir-
cumferential direction, and the optical fiber 11 is linearly
wound around the winding member 40. In this case, the
optical fiber 11 is provided parallel to the optical fiber 11
which is linearly provided from the point B2 to the point
C2 along the circumferential direction in step 3.
[0068] In the above, the detection portion 73 detects
via the winding member 40 that the winding member 40
has rotated a desired angle in the circumferential direc-
tion and rotated from the point D2 to the point E2. Ac-
cordingly, the movement control portion 75 controls the
stopping of the holding-movable portion 63 so that the
guide member 61 does not move in the width direction
of the circumferential surface 43. As a result, the holding-
movable portion 63 stops without moving in the width
direction of the circumferential surface 43 while holding
the guide member 61, and the guide member 61 is fixed
in the width direction of the circumferential surface 43.
As described above, when the winding member 40 winds
up the optical fiber 11, the guide member 61 guides the
optical fiber 11 so that the optical fiber 11 is linearly wound
around the winding member 40 along the circumferential
direction from the point D2 to the point E2.

(Step 13 (reverse shift process), point E2 → point F2)

[0069] As shown in FIG. 3A, when the winding member
40 further winds up the optical fiber 11, the guide member
61 guides the optical fiber 11 so that the optical fiber 11
is wound around the winding member 40 from the point
E2 to a point F2.
[0070] As shown in FIG. 3A, the point F2 is provided
out of alignment with the point E2. More specifically, the
point F2 is provided a desired angle out of alignment with
the point E2 in the circumferential direction. The point F2
is provided, for example, 144 degrees out of alignment
with the point E2 (the point A2). Thus, the point F2 indi-
cates the location at the position with the same angle as
the point B2 and the point D2 in the circumferential di-

rection of the winding member 40. The point F2 is not
provided on the same circumference as the point E2, but
is provided a desired length out of alignment with the
point E2 in the width direction of the circumferential sur-
face 43 so that the point F2 is provided on the same
circumference as the point A2. For example, the point
F2 is provided to be shifted leftward relative to the point
E2 so that the point F2 is provided on the same circum-
ference as the point A2. In this case, the point F2 is pro-
vided to be shifted leftward relative to the point B2 by the
length between the point A2 and the point C2 in the width
direction of the circumferential surface 43. The point F2
is also provided to be shifted leftward relative to the point
D2 by the length between the point A2 and the point E2
in the width direction of the circumferential surface 43.
[0071] In step 13, the optical fiber 11 is guided by the
guide member 61 to skew relative to the circumferential
direction from the point E2 to the point F2, and wound
around the winding member 40 while skewing. In this
case, the optical fiber 11 intersects with the optical fiber
11 which is provided to skew relative to the circumferen-
tial direction from the point A2 to the point B2 in step 2,
and the optical fiber 11 which is provided to skew relative
to the circumferential direction from the point C2 to the
point D2 in step 11.
[0072] In the above, the detection portion 73 detects
via the winding member 40 that the winding member 40
has rotated a desired angle in the circumferential direc-
tion and rotated from the point E2 to the point F2. Ac-
cordingly, the movement control portion 75 controls the
movement of the holding-movable portion 63 so that the
guide member 61 moves from the point E2 to the point
F2 in the width direction of the circumferential surface
43. As a result, the holding-movable portion 63 moves in
the width direction of the circumferential surface 43 while
holding the guide member 61, and the guide member 61
moves from the point E2 to the point F2 in the width di-
rection of the circumferential surface 43. As described
above, when the winding member 40 winds up the optical
fiber 11, the guide member 61 guides the optical fiber 11
so that the optical fiber 11 skews relative to the circum-
ferential direction from the point E2 to the point F2 and
is wound around the winding member 40.

(Step 14 (linear process), point F2 → point A2)

[0073] As shown in FIG. 3A, when the winding member
40 further winds up the optical fiber 11, the guide member
61 guides the optical fiber 11 so that the optical fiber 11
is wound around the winding member 40 from the point
F2 to the point A2.
[0074] As shown in FIG. 3A, the point A2 is provided
out of alignment with the point F2. More specifically, the
point A2 is provided a desired angle out of alignment with
the point F2 in the circumferential direction. The point A2
is provided, for example, 216 degrees out of alignment
with the point F2. Thus, the point A2 in step 14 indicates
that the winding member 40 has made three rotations
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relative to the point A2 in step 1, and that one cycle of
the optical fiber 11 having a length which is triple the
circumferential length of the winding member 40 returns
to the starting point in the circumferential length of the
winding member 40.
[0075] In step 14, the optical fiber 11 is guided by the
guide member 61 so that the optical fiber 11 is linearly
provided from the point F2 to the point A2 along the cir-
cumferential direction, and the optical fiber 11 is linearly
wound around the winding member 40. In this case, the
optical fiber 11 is provided parallel to the optical fiber 11
which is linearly provided from the point B2 to the point
C2 along the circumferential direction in step 3, and the
optical fiber 11 which is linearly provided from the point
D2 to the point E2 along the circumferential direction in
step 12.
[0076] In the above, the detection portion 73 detects
via the winding member 40 that the winding member 40
has rotated a desired angle in the circumferential direc-
tion and rotated from the point F2 to the point A2. Ac-
cordingly, the movement control portion 75 controls the
stopping of the holding-movable portion 63 so that the
guide member 61 does not move in the width direction
of the circumferential surface 43. As a result, the holding-
movable portion 63 stops without moving in the width
direction of the circumferential surface 43 while holding
the guide member 61, and the guide member 61 is fixed
in the width direction of the circumferential surface 43.
As described above, when the winding member 40 winds
up the optical fiber 11, the guide member 61 guides the
optical fiber 11 so that the optical fiber 11 is linearly wound
around the winding member 40 along the circumferential
direction from the point F2 to the point A2.
[0077] In steps 2, 3, 11, 12, 13, and 14, the winding
member 40 makes three rotations. The optical fiber 11
having a length which is triple the circumferential length
of the winding member 40 is thus manufactured.
[0078] That is, according to the present embodiment,
the optical fiber 11 having a desired length is manufac-
tured without depending on the circumferential length of
the winding member 40.
[0079] In this case, one cycle of the optical fiber 11
having a length which is triple the circumferential length
of the winding member 40 corresponds to three rotations
of the winding member 40.

[Manufacture of the optical fiber bundle 11a having a 
length which is triple the circumferential length of the 
winding member 40]

[0080] The operations in steps 2, 3, 11, 12, 13, and 14
are then repeated. As a result, the winding member 40
winds up more than one optical fiber 11 having a length
which is triple the circumferential length of the winding
member 40. In the winding member 40, the optical fibers
11 are bundled (stacked) in a continuous state, and the
optical fiber bundle 11a is thereby formed. The optical
fiber bundle 11a is then cut with the cutting member 81

in a part other than the intersect portion 80 as shown in
FIG. 3B so that optical fiber bundles 11a having a triple
length will be formed. As shown in FIG. 3C and FIG. 3D,
the optical fiber bundles 11a are removed from the wind-
ing member 40. According to the present embodiment,
the optical fiber bundle 11a having a length which is triple
the circumferential length of the winding member 40 is
thus formed.
[0081] Therefore, according to the present embodi-
ment, a large volume of optical fiber bundles 11a are
independently manufactured at a time. When the manu-
facturing apparatus 10 independently manufactures a
large volume of optical fiber bundles 11a, the manufac-
turing apparatus 10 does not need to repeat the operation
of winding a member around the winding member 40 to
manufacture one optical fiber bundle 11a, removing the
manufactured single optical fiber bundle 11a from the
winding member 40, and then again winding the member
around the winding member 40 to manufacture one op-
tical fiber bundle 11a. Thus, according to the present em-
bodiment, a large volume of optical fiber bundles 11a are
manufactured without much time and labor and with uni-
form quality.

[Summary]

[0082] As described above, when the manufacturing
apparatus 10 manufactures an optical fiber bundle 11a
having a length which is N times the circumferential of
the winding member 40, the winding member 40 rotates
N times to wind up the optical fiber 11. N is a natural
number equal to or more than 2.
[0083] When the winding member 40 rotates (N-1)
times with respect to a desired starting point as a stand-
ard, the optical fiber 11 is once skewed relative to the
circumferential direction by the guide member 61 and
further shifted by a desired length in the width direction
of the circumferential surface 43 while the winding mem-
ber 40 is making one rotation. In this state, the winding
member 40 winds up the optical fiber 11. This operation
is performed in the same direction every rotation when
the winding member 40 rotates (N-1) times. This shift
process is performed.
[0084] In the N-th rotation of the winding member 40,
the guide member 61 performs the guide to the optical
fiber 11 to skew reversely to the direction of shifting in
the (N-1) rotations of the winding member 40 so that the
optical fiber 11 intersects with all the optical fibers 11
which have skewed in the (N-1) rotations of the winding
member 40 and the end point of the optical fiber 11 having
a length which is N times returns to the starting point. In
this state, the winding member 40 winds up the optical
fiber 11. This reverse shift process is performed.
[0085] The linear process in step 3 may be omitted.
[0086] This operation is one cycle of the optical fiber
11 having a length which is N times the circumference
of the winding member 40.
[0087] In the above, the optical fiber 11 is wound
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around the winding member 40 while the optical fiber 11
is being guided by the guide member 61. Owing to the
constant guidance by the guide member 61, the entan-
glement of the optical fibers 11 is prevented.
[0088] In the above, the guide member 11 moves in
the width direction of the circumferential surface 43 so
that the optical fiber 11 skews. Since the guide member
61 moves, the winding member 40 does not need to be
moved, and the configuration of the manufacturing ap-
paratus 10 is simpler.
[0089] In the above, the guide member 61 guides the
optical fiber 11 so that the optical fiber 11 is linearly pro-
vided along the circumferential direction except during
skewing. In this state, the winding member 40 winds up
the optical fiber 11. Thus, the entanglement of the optical
fibers 11 is prevented.
[0090] As a result of the above, the optical fiber 11 is
regularly wound around the winding member 40.
[0091] The above operation is repeated so that an op-
tical fiber bundle 11a formed by bundling the optical fibers
11 having a length which is N times the circumference
of the winding member 40 is manufactured. In the winding
member 40, the optical fiber 11 is cut with the cutting
member 81 so that the optical fiber bundles 11a having
a length which is N times will be formed, and the optical
fiber 11 is removed from the winding member 40. In this
way, an optical fiber bundle 11a having a length which
is N times the circumferential length of the winding mem-
ber 40 is manufactured.

[Advantageous effects]

[0092] According to the present embodiment, the op-
tical fiber 11 is once skewed relative to the circumferential
direction of the winding member 40 and shifted by a de-
sired length in the width direction of the circumferential
surface 43 and then wound around the winding member
40 during one rotation of the winding member 40 and
every rotation of the winding member 40 when the wind-
ing member 40 rotates (N-1) times with respect to a de-
sired starting point as a standard.
[0093] In the N-th rotation of the winding member 40,
the optical fiber 11 is skewed reversely to the direction
of shifting in the (N-1) rotations of the winding member
40 so that the optical fiber 11 intersects with all the optical
fibers 11 which have skewed in the (N-1) rotations of the
winding member 40 and the end point of the optical fiber
11 having a length which is N times returns to the starting
point whereby the optical fiber 11 is wound around the
winding member 40.
[0094] The above operation is one cycle of the optical
fiber 11 having a length which is N times the circumfer-
ence of the winding member 40. The above operation is
repeated so that an optical fiber bundle 11a formed by
bundling the optical fibers 11 having a length which is N
times the circumference of the winding member 40 is
manufactured.
[0095] Therefore, according to the present embodi-

ment, it is possible to provide a manufacturing method
of the optical fiber bundle 11a which enables the manu-
facture of a large volume of optical fiber bundles 11a with
uniform quality at low cost, without much time and labor
and without depending on the circumferential length of
the winding member 40.
[0096] According to the present embodiment, it is pos-
sible to manufacture an optical fiber bundle 11a which is
longer than the circumferential length of the existing
winding member 40, a new winding member 40 does not
need to be manufactured, and manufacturing costs for
the optical fiber bundle 11a can be suppressed.
[0097] According to the present embodiment, a large
volume of optical fiber bundles 11a are independently
manufactured at a time. As the manufacturing apparatus
10 independently manufactures a large volume of optical
fiber bundles 11a, the manufacturing apparatus 10 does
not need to repeat the operation of winding a member
around the winding member 40 to manufacture one op-
tical fiber bundle 11a, removing the manufactured single
optical fiber bundle 11a from the winding member 40,
and then again winding the material around the winding
member 40 to manufacture one optical fiber bundle 11a.
Thus, according to the present embodiment, a large vol-
ume of optical fiber bundles 11a are manufactured with-
out much time and labor and with uniform quality.
[0098] According to the present embodiment, in the
above, owing to the constant guidance by the guide mem-
ber 61, the entanglement of the optical fibers 11 can be
prevented when the winding member 40 winds up the
optical fiber 11.
[0099] According to the present embodiment, the
guide member 61 moves in the width direction of the cir-
cumferential surface 43, so that the optical fiber 11
skews, and the configuration of the manufacturing appa-
ratus 10 can be simpler.
[0100] According to the present embodiment, except
during skewing, the guide member 61 guides the optical
fiber 11 so that the optical fiber 11 is linearly provided
along the circumferential direction. In this state, the wind-
ing member 40 winds up the optical fiber 11. Thus, ac-
cording to the present embodiment, the entanglement of
the optical fibers 11 can be prevented.
[0101] According to the present embodiment, the op-
tical fiber 11 can be regularly wound around the winding
member 40 as a result of the above.
[0102] According to the present embodiment, the op-
tical fiber bundle 11a is cut in a part other than the inter-
sect portion 80 and then removed from the winding mem-
ber 40. Thus, according to the present embodiment, the
optical fiber bundle 11a can be disentangled so that the
optical fiber bundle 11a does not come apart, and the
optical fiber bundle 11a can be easily removed.
[0103] According to the present embodiment, the
guide member 61 guides so that the intersection angle
θ may be, for example, 5 degrees or more and 40 degrees
or less. Thus, according to the present embodiment, the
optical fiber bundle 11a can be disentangled so that the
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optical fiber bundle 11a does not come apart, and the
optical fiber bundle 11a can be easily removed. Moreo-
ver, it is possible to easily perform a bundling operation
to bundle the optical fiber bundles 11a so that the re-
moved optical fiber bundle 11a does not come apart.
[0104] Although the point B1 is provided, for example,
144 degrees out of alignment with the point A1, this angle
is not specifically limited, and a desired angle can be set
in consideration of, for example, the intersection angle.
This also holds true with the point D1 and other points.
[0105] The present invention is not completely limited
to the embodiment described above, and the compo-
nents can be modified without departing the spirit of the
invention at the time of carrying out the invention. Various
inventions can be made by properly combining the com-
ponents disclosed in the embodiment described above.

Claims

1. A manufacturing method of an optical fiber bundle
in which a winding member rotates N times (N is a
natural number equal to or more than 2) to wind up
an optical fiber and thereby manufacture an optical
fiber bundle having a length that is N times the cir-
cumference of the winding member, the method
comprising:

a shift process of once skewing the optical fiber
relative to the circumferential direction of the
winding member and shifting the optical fiber a
desired length in the width direction of a circum-
ferential surface of the winding member and
then winding the optical fiber around the winding
member during one rotation of the winding mem-
ber and every rotation of the winding member
when the winding member rotates (N-1) times
with respect to a desired starting point as a
standard; and
a reverse shift process of skewing the optical
fiber reversely to the direction of shifting in the
(N-1) rotations of the winding member so that
the optical fiber intersects with all the optical fib-
ers which have skewed in the (N-1) rotations of
the winding member and the end point of the
optical fiber having a length which is N times
returns to the starting point in the N-th rotation
of the winding member whereby the optical fiber
is wound around the winding member,
wherein the operation is one cycle of the optical
fiber having a length which is N times the cir-
cumference of the winding member, and the op-
eration is repeated so that an optical fiber bundle
formed by bundling the optical fibers having a
length which is N times the circumference of the
winding member is manufactured.

2. The manufacturing method of the optical fiber bundle

according to claim 1, wherein the winding member
winds up the optical fiber while the optical fiber is
being guided by a guide member.

3. The manufacturing method of the optical fiber bundle
according to claim 2, wherein the guide member
moves in the width direction of the circumferential
surface so that the optical fiber skews.

4. The manufacturing method of the optical fiber bundle
according to claim 3, wherein except during skewing,
the guide member guides the optical fiber so that the
optical fiber is linearly provided along the circumfer-
ential direction.

5. The manufacturing method of the optical fiber bundle
according to claim 4, wherein the optical fiber bundle
is cut in a part other than an intersect portion and
then removed from the winding member.
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